Consumption of spicy foods containing capsaicin, the major pungent principle in hot peppers, reportedly promotes negative energy balance. However, many individuals abstain from spicy foods due to the sensory burn and pain elicited by the capsaicin molecule. A potential alternative for nonusers of spicy foods who wish to exploit this energy balance property is consumption of nonpungent peppers rich in capsiate, a recently identified nonpungent capsaicin analog contained in CH-19 Sweet peppers. Capsiate activates transient receptor potential vanilloid subtype 1 (TRPV1) receptors in the gut but not in the oral cavity. This paper critically evaluates current knowledge on the thermogenic and appetitive effects of capsaicin and capsiate from foods and in supplemental form. Meta-analyses were performed on thermogenic outcomes, with a systematic review conducted for both thermogenic and appetitive outcomes. Evidence indicates that capsaicin and capsiate both augment energy expenditure and enhance fat oxidation, especially at high doses. Furthermore, the balance of the literature suggests that capsaicin and capsiate suppress orexigenic sensations. The magnitude of these effects is small. Purposeful inclusion of these compounds in the diet may aid weight management, albeit modestly.
Introduction
The prevailing view is that obesity results from a small sustained positive energy balance (Hill et al. 2009 ). It has been proposed that modest diet and/or physical activity adjustments equivalent to 10 (Veerman et al. 2007 ) to 50 kcal/ day or less (Hill et al. 2003) are sufficient to reverse the epidemic and that these minor changes will be more simply implemented and sustained in the long-term than radical dietary or behavioral modifications (Mattes 2008) . Consequently, growing attention is being placed on the manipulation of foods and/or weight loss products with noncaloric bioactive ingredients that may influence energy balance modestly by altering energy expenditure (EE), substrate oxidation, and/or appetitive sensations (Kovacs and Mela 2006; Westerterp-Plantenga et al. 2006) .
When individual food components are demonstrated to promote negative energy balance, palatability is a key consideration for encouraging their long-term inclusion in the diet. If followed, energy-restricted diets of varied nutrient compositions are capable of producing weight loss (Shai et al. 2008; Sacks et al. 2009 ). However, individuals with the resources to choose from an array of foods generally select the ones they consider most palatable (Glanz et al. 1998 ). Recommendations to increase consumption of bioactive food ingredients may be made, but if they are not implemented, there will be no impact on health (WesterterpPlantenga et al. 2006) .
There is a widespread desire among the public, healthcare providers, and third-party payers for managing overweight and obesity with dietary modifications (Pavlovich et al. 2004 ). Adoption of a healthful diet presents a highly costeffective strategy for weight loss, with the potential for fewer negative side effects than lifetime pharmacological therapies or invasive surgical interventions (Dalziel and Segal 2007) . Thus, if bioactive food ingredients influence energy balance and can be tolerated without significant side effects or the development of resistance to thermogenic and/or appetitive outcomes with long-term use, they offer great potential as dietary approaches to weight management.
The health effects of capsaicin-containing foods have been heralded in traditional medicine for centuries (Cichewicz and Thorpe 1996; Yamamoto and Nawata 2009 ), but their pungency, noted as a sensory burn, and propensity for eliciting gastrointestinal side effects (Lejeune et al. 2003; Belza and Jessen 2005) limit consumption in many individuals. Levels of intake are widely varied both within and between cultures. For example, in Mexico where chili peppers are a hallmark of the cuisine, a study classified high capsaicin consumers as those eating the equivalent of 9-25 jalapeno peppers per day (90-250 mg capsaicin) and low consumers as those who eat less than 3 jalapeno peppers per day (<30 mg capsaicin) (Lopez-Carrillo et al. 2003) . In contrast, only 10.5% of individuals in the United States consume peppers of any kind on a daily basis (Smiciklas-Wright et al. 2002 ) and a study found that regular spicy food users, who consumed spicy foods 3 times a week or more, preferred a mean concentration of 3.6 ± standard error (SE) 0.6 mg capsaicin at spicy food-containing meals. Nonusers, who consumed spicy foods less than once a month, preferred a mean concentration of 0.6 ± SE 0.2 mg capsaicin at spicy food-containing meals (Ludy and Mattes 2011b) (Table 1) .
The emergence of capsiate, a recently identified nonpungent capsaicin analog, presents a promising alternative for those who abstain from capsaicin-containing foods due to pungency. Currently, capsiate consumption among the general population is limited to dietary supplements. In the United States, capsiate is available as ''CH-19 Sweet Extract'' with recommendations to consume three 1 mg capsules once daily by mouth to ''naturally increase basal metabolic rate'' (Pellicore 2007) . This paper critically reviews knowledge of the thermogenic and appetitive effects of capsaicin and capsiate administered to humans in both oral and encapsulated forms.
Overview of capsaicin and capsiate Source
Red peppers are members of the Capsicum genus (Iwai et al. 2003 ) that contains over 200 pepper varieties with differing degrees of pungency (0-13 000 mg/kg capsaicin) (Kozukue et al. 2005) . Hot red peppers contain pungent compounds called capsaicinoids. These include capsaicin, dihydrocapsaicin, nordihydrocapsaicin, and trace amounts of other compounds. Capsaicin is the major pungent principle, responsible for about 70% of the burn, of hot red peppers. The newly bred nonpungent red pepper variety, CH-19 Sweet (Capsicum annuum L.), contains capsinoids. These are nonpungent capsaicin analogs and include capsiate, dihydrocapsiate, and nordihydrocapsiate. Capsiate is the primary capsinoid present in CH-19 Sweet peppers (Iwai et al. 2003) .
Physical and chemical properties
The chemical structures of capsaicin, (E)-N-(4-hydroxy-3-methoxybenzyl)-8-methylnon-6-enamide, and capsiate, 4-hydroxy-3-methoxybenzyl (E)-8-methyl-6-nonenoate, are similar, varying only at the center linkage (Figure 1 ). Capsaicin contains an amide bond, whereas capsiate contains an ester bond (Iwai et al. 2003) .
Pungency
When placed in the oral cavity, capsaicin diffuses across the lingual epithelium and selectively binds to transient receptor potential vanilloid subtype 1 (TRPV1) receptors on heat and pain sensitive sensory neurons. This receptor is a nonspecific calcium channel and when capsaicin binds to it, the channel opens (Caterina and Julius 2001) . The initial influx of calcium leads to neurotransmitter release and sensations of warmth with low concentrations of capsaicin and burning pain with higher concentrations. Prolonged activation results in depletion of the presynaptic neurotransmitter, substance P, and desensitization causes reduced responsiveness to capsaicin (Iwai et al. 2003) . Although the precise mechanisms are unknown, somatosensory experiences following ingestion of capsaicin vary between individuals (Astrup et al. 2010) . One mechanism entails exposure frequency as capsaicin's rated irritancy is lower in regular spicy food users (Lawless et al. 1985; Cowart 1987; Stevenson and Yeomans 1993; Stevenson and Prescott 1994) .
Absorption, distribution, and systemic activity
Both capsaicin and capsiate bind with high affinity to the TRPV1 receptor and are passively absorbed, with greater than 80% efficiency, in the stomach and upper portion of the small intestine (Kawada et al. 1984; Iwai et al. 2003) . Limited pharmacological data suggest that capsaicin is initially more stable than capsiate and is metabolized by various cytochrome P450 enzymes in the liver. Capsiate is cleaved earlier and is nondetectable in the portal circulation (Takanohashi et al. 2010) . Derivatives of capsaicin and capsiate, including vanillylamine, vanillin, vanillyl alcohol, and vanillic acid, are generated in both free and glucuronidated forms (Iwai et al. 2003; Takanohashi et al. 2010 ). However, the activity of these derivatives, and whether they are the bioactive forms or inactive metabolites, is currently unknown.
Once released in the circulation, albumin transports capsaicin to the adrenal gland where it stimulates the release of catecholamines (Kawada, Watanabe, et al. 1986; Kawada et al. 1988; Reinbach 2008) . The assessment of catecholamine concentration in humans has been limited due to the challenge of the crude, indirect measurements provided by pharmacologic blockade/stimulation, and the requirement for radioactive tracer infusion to assess steady-state turnover (Ravussin and Tataranni 1996) . The sole study exploring catecholamine secretion following capsaicin ingestion in humans reported that the increase in EE following a 30 mg capsaicin breakfast was abolished by concurrent administration of the b-adrenergic blocker propranolol in young male long distance runners. This implies that capsaicin's effects are dependent on b-adrenergic stimulation (Yoshioka et al. 1995) (Table 1 ). These findings have been supported by animal studies indicating that capsaicinstimulated catecholamine release enhances lipolysis in adipocytes, glycogenolysis in the liver, and substrate oxidation in muscle (Kawada et al. 1984; Watanabe et al. 1994; Reinbach 2008) . Differences in the perceived pungency of capsaicin and capsiate are related to the site of TRPV1 activation. Capsaicin activates TRPV1 receptors on neurons located in the tongue, whereas capsiate is hydrolyzed as it crosses the oral mucosa, rendering it an ineffective sensory stimulus. Both capsaicin and capsiate have equal potency for activating TRPV1 receptors in the gut, leading to similar increases in sympathetic nervous system (SNS) activation (Snitker et al. 2009 ).
Most, but not all (Shin and Moritani 2007) , studies involving capsaicin (Lim et al. 1997; Yoshioka et al. 1999 Yoshioka et al. , 2004 Matsumoto et al. 2000; Hachiya et al. 2007 ) and capsiate (Hachiya et al. 2007; Josse et al. 2010 ) (Tables 1-3) report enhanced SNS activation. Weight management effects are purportedly derived from the increase in SNS activity, as generally it stimulates thermogenesis and fat oxidation while decreasing energy intake in both humans and rodents (Bray 2000) .
Despite reports that capsaicin-containing foods promote negative energy balance (Yoshioka et al. 1995 (Yoshioka et al. , 1998 (Yoshioka et al. , 1999 (Yoshioka et al. , 2004 Matsumoto et al. 2000; Chaiyata et al. 2003; Lejeune et al. 2003; Westerterp-Plantenga et al. 2005; Ahuja et al. 2006; Hachiya et al. 2007; Shin and Moritani 2007; Reinbach et al. 2009; Smeets and Westerterp-Plantenga 2009; Ludy and Mattes 2011b) (Tables 1 and 3 ), many individuals abstain from their consumption due to the sensory burn they impart. Even among individuals accustomed to ingesting capsaicin-containing foods, self-perceived high doses of capsaicin affect sensory evaluations. For example, when the taste, smell, and appearance of a capsaicin-rich stir fry (10 g red pepper) was evaluated by Japanese women customarily consuming spicy foods, hedonic ratings were decreased by 19, 11, and 23 units, respectively, on 100 unit visual analog scales, whereas hotness was increased by 74 units (Yoshioka et al. 1998) (Table 1 ). The sensation of gastric distress elicited when capsaicin is provided in capsule form presents additional obstacles to consumption (Lejeune et al. 2003; Belza and Jessen 2005) . Thus, the nonpungent capsaicin analog, capsiate, presents an alternative weight management option for nonusers or those with limited tolerance of capsaicincontaining foods (Ohnuki et al. 2001; Kawabata et al. 2006; Hachiya et al. 2007; Inoue et al. 2007; Reinbach et al. 2009; Snitker et al. 2009; Josse et al. 2010; Lee et al. 2010) (Tables 2 and 3 ).
Reported effects of capsaicin and capsiate on energy balance Thermogenesis and substrate oxidation
Capsaicin and capsiate stimulate thermogenesis by increasing EE (Yoshioka et al. 1995 (Yoshioka et al. , 1998 Matsumoto et al. 2000; Chaiyata et al. 2003; Lejeune et al. 2003; Inoue et al. 2007; Josse et al. 2010; Lee et al. 2010; Ludy and Mattes 2011b) as well as enhancing core body and skin temperature (Ohnuki et al. 2001; Hachiya et al. 2007; Ludy and Mattes 2011b) . Furthermore, both capsaicin and capsiate are reported to influence substrate oxidation (Yoshioka et al. 1995; Lim et al. 1997; Matsumoto et al. 2000; Lejeune et al. 2003; Kawabata et al. 2006; Inoue et al. 2007; Shin and Moritani 2007; Josse et al. 2010; Lee et al. 2010; Ludy and Mattes 2011b) . However, there have been conflicting reports on these outcomes, including studies that note no effect on substrate oxidation (Ohnuki et al. 2001; Ahuja et al. 2007; Smeets and WesterterpPlantenga 2009; or EE (Ahuja et al. 2006; Snitker et al. 2009; , increased EE (Ahuja et al. 2006) , and decreased skin temperature (Ludy and Mattes 2011b) (Tables 1-3) .
One potential explanation for inconsistent findings is that the thermogenic effects may vary with body composition, as has been demonstrated with other bioactive food components (Acheson et al. 1980; Bracco et al. 1995) . The majority of studies reporting that capsaicin increases EE have been conducted in lean individuals (Yoshioka et al. 1995 (Yoshioka et al. , 1998 Matsumoto et al. 2000; Ludy and Mattes 2011b) or did not report body composition (Chaiyata et al. 2003) . Only Figure 1 Chemical structures of capsaicin and capsiate vary only at the center linkage. Capsaicin (top) contains an amide bond between the vanillyl group and the fatty acid chain, whereas capsiate (bottom) contains an ester bond. This figure appears in color in the online version of Chemical Senses. one study reported no effect on EE in lean individuals (Ahuja et al. 2006 (Lejeune et al. 2003 ). An Australian study reported that EE was suppressed following consumption of a 33 mg/day capsaicin spice blend for 4 weeks in overweight and obese men and women (BMI ‡ 26.3 ± standard deviation [SD] 4.6 kg/m 2 ) but did not vary in lean men and women (BMI < 26.3 ± SD 4.6 kg/m 2 ) (Ahuja et al. 2006) . A Japanese study reported that EE was augmented in lean women (BMI 21.0 ± SE 0.57 kg/m 2 ) following a 3 mg capsaicin breakfast but did not vary in overweight and obese women (BMI 28.8 ± SE 1.01 kg/m 2 ) matched for age and height (Matsumoto et al. 2000) . Therefore, the effects of capsaicin may be blunted in individuals at high weights.
All studies evaluating the effects of capsiate on EE have included overweight and/or obese individuals Snitker et al. 2009; Josse et al. 2010; Lee et al. 2010) , with 4 reporting increases Josse et al. 2010; Lee et al. 2010 ) and 2 reporting no effect (Snitker et al. 2009; ) ( Table 2 ). Only one study ) stratified thermogenic effects by body composition. In contrast to reports of increased EE among lean individuals supplemented with capsaicin (Yoshioka et al. 1995 (Yoshioka et al. , 1998 Matsumoto et al. 2000; Ludy and Mattes 2011b) , 3 and 10 mg/day doses of encapsulated capsinoids tended to increase resting EE in overweight middle-aged Japanese individuals (BMI ‡ 25 kg/m 2 ) by 0.8 and 0.9 kcal/kg/day, respectively, over 2 weeks and 0.4 and 0.6 kcal/kg/day, respectively, over 4 weeks compared with baseline. The declining effect over time may reflect the development of tolerance to its action. However, no effect was observed in analyses with the range of body compositions studied (BMI ‡ 23 kg/m 2 ) . Among other studies reporting increases in EE, one entailed a single exposure to encapsulated capsinoids (Josse et al. 2010 ) and 2 administered encapsulated dihydrocapsiate supplements for 4 weeks Lee et al. 2010 ). The single exposure study (Josse et al. 2010) , conducted in young men (BMI 25.5 ± SD 1.7 kg/m 2 ) at rest and during exercise, reported that 10 mg capsinoids ingested 30 min before cycling increased metabolic rate 0.24 kcal/min more than placebo. Both 4-week studies Lee et al. 2010 ) involved supplementation with 3 and 9 mg/day encapsulated dihydrocapsiate. Resting metabolic rate was increased by 54 kcal/day in young, overweight men after a 4-week ad libitum diet when the 3 and 9 mg/day groups were combined and compared with placebo . Additionally, postprandial EE (normalized No effect on substrate oxidation n/a Abbreviations: basal metabolic rate (BMR), carbohydrate (CHO), not applicable (n/a), oxygen consumption (VO for fat-free mass) was increased in a dose-dependent manner among men and postmenopausal women (BMI 26.9-38 kg/m 2 ) following a 4-week very low-calorie diet by ;1 and ;2 kcal/ kg/day in the 3 and 9 mg/day groups, respectively, compared with placebo (Lee et al. 2010) . The 2 studies reported no effect on EE (Snitker et al. 2009; . One study in young men (BMI 27.1 ± SE 1.0 kg/m 2 ) involved single exposures to 1, 3, 6, and 12 mg encapsulated capsinoids compared with placebo . The other study was conducted in middle-aged men and women (BMI 25-35 kg/m 2 ) and compared 12-week supplementation with 6 mg/day of capsinoids to placebo (Snitker et al. 2009 ). Given that all the studies assessing capsiate's thermogenic effects included overweight and/or obese individuals Snitker et al. 2009; Josse et al. 2010; Lee et al. 2010) , and results were stratified by weight in only one study, the issue of body compositionspecific effects cannot be adequately addressed. Thus, further investigation in both lean and overweight/obese individuals will be required to determine whether capsaicin and capsiate are more appropriate agents for prevention or treatment of overweight and obesity.
Another possibility for mixed results is that characteristics of the subject population, such as customary exposure to capsaicin-containing foods, affect thermogenic outcomes.
Although a previous study in the United States demonstrated weaker or nonsignificant effects on energy balance in regular users compared with nonusers (Ludy and Mattes 2011b) , the definitions of ''users'' were not consistent between studies. For instance, a Thai study excluded those consuming ‡10 g/day chili peppers (Chaiyata et al. 2003) . However, the study in the United States indicated that the mean preference at spicy food-containing meals was ;2 mg capsaicin and classified regular users as consuming spicy foods 3 times per week or more (Ludy and Mattes 2011b) . Among other studies, ''naïve or infrequent consumers'' ingested chili less than daily (Ahuja et al. 2006 (Ahuja et al. , 2007 , were classified as ''not used to capsaicin in their habitual diet'' (Lejeune et al. 2003) , or ''did not have a long-term dietary history of eating spices'' (Matsumoto et al. 2000) . Several other studies did not classify individuals by history of capsaicin use (Yoshioka et al. 1995 (Yoshioka et al. , 1999 (Yoshioka et al. , 2004 Lim et al. 1997; Shin and Moritani 2007; Smeets and Westerterp-Plantenga 2009) . Given that differential outcomes have been noted among users and nonusers of capsaicin (Ludy and Mattes 2011b) and that differences in metabolism and clearance have been noted among users and nonusers of other bioactive food components (Hursel et al. 2009) , it is vital that future studies characterize customary capsaicin use and maintain consistent definitions. To provide a quantitative assessment of the effects of capsaicin and capsiate intake on thermogenic outcomes, a series of meta-analyses were conducted. The effects of capsaicin and capsiate on EE and substrate oxidation (respiratory quotient [RQ] ) were compared in 4 overall analyses: 1) capsaicin EE (12 observations; Figure 2) , 2) capsaicin RQ (10 observations; Figure 3 ), 3) capsiate EE (13 observations; Figure 4 ), and 4) capsiate RQ (9 observations; Figure 5 ). To explore dose-response effects, studies were subdivided into self-selected low (£7 mg capsaicin or £1.5 mg dihydrocapsiate), intermediate (20-35 mg capsaicin or 2-3 mg dihydrocapsiate), and high (135-150 mg capsaicin or 6-9 mg dihydrocapsiate) doses. Subanalyses were also calculated at each dose level: 1) low capsaicin EE (5 observations), 2) intermediate EE (6 observations Figure 5 ). Corresponding authors were contacted to obtain raw data. This was provided by 4 authors (Yoshioka et al. 1998; Matsumoto et al. 2000; Josse et al. 2010; Ludy and Mattes 2011b) . In cases where the raw data were not available, results were extracted from published papers (Yoshioka et al. 1995; Lim et al. 1997; Chaiyata et al. 2003; Lejeune et al. 2003; Ahuja et al. 2006 Ahuja et al. , 2007 Kawabata et al. 2006; Inoue et al. 2007; Shin and Moritani 2007; Smeets and Westerterp-Plantenga 2009; Snitker et al. 2009; Lee et al. 2010 ). In 5 instances, summary findings were reported but could not be included due to lack of data (i.e., capsaicin had no significant effect on EE (Ahuja et al. 2006 ) and capsiate had no significant effect on substrate oxidation (Ohnuki et al. 2001) ) or inability to convert data to standardized units (i.e., capsaicin had no significant effect on substrate oxidation (Shin and Moritani 2007) , capsiate increased EE (Ohnuki et al. 2001) , and capsiate enhanced fat oxidation (Snitker et al. 2009) ). Thus, in these 5 reports, findings were mixed on thermogenic outcomes. Standardized mean difference (SMD) Figure 2 Forest plots comparing studies on the effects of capsaicin on EE by low (1), intermediate (2), and high (3) dose. The weight that the study received in the overall association is indicated by the size of the gray squares. SMD was used as an effect size indicator. The 95% CIs are represented by error bars. The pooled estimates for each analysis are represented by diamonds. SMD Ô 95% CIs show that capsaicin increases EE (indicated by SMD > 0) at high doses. Capsaicin had no significant effect on EE overall or at low or intermediate doses. I-squared was used to assess heterogeneity. All I-squared values (subtotal and overall) were not statistically significant when subdivided by dose. This indicates that SMD with 95% CI can be interpreted separately by dose or when all 3 dose levels are combined into a single overall estimate. Multiple subscripts following author name indicate the use of more than one pepper dose within the same study. This figure appears in color in the online version of Chemical Senses.
with 95% confidence interval (CI) was used as an effect size indicator. Significant differences were indicated when the 95% CI did not include 0. I-squared, a measure of heterogeneity, was used to assess the proportion of inconsistency in individual studies that could not be explained by chance. I-squared can potentially range between 0% and 100% with lower values representing less heterogeneity. Nonsignificant I-squared P values (i.e., P > 0.05) indicate that heterogeneity was likely to occur by chance alone, suggesting pooled data would not likely lead to bias. Forest plots were generated with STATA SE version 11.1 (StataCorp, College Station, TX). Forest plots for capsaicin and capsiate's overall effects on EE and RQ are shown in Figures 2-5 . The meta-analyses revealed that capsiate increased EE (SMD = 0.40, 95% CI = 0.22-0.59; Figure 4 ), whereas both capsaicin and capsiate enhanced fat oxidation (SMD = -0.35, 95% CI = -0.54 to -0.15 and SMD = -0.31, 95% CI = -0.54 to -0.07; Figures 3 and 5, respectively). Capsaicin had no overall effect on EE (SMD = 0.11, 95% CI = -0.06 to 0.29; Figure 2 ). Neither the overall nor the subtotal I-squared P values for any attribute (capsaicin EE, capsaicin RQ, capsiate EE, or capsiate RQ) were statistically significant. This indicates that it is permissible to combine all dose levels for each attribute into the same analysis (e.g., low-, intermediate-, and high-dose capsaicin's effect on EE into a pooled capsaicin EE group) as well as interpret each dose level for that attribute separately (e.g., low dose capsaicin's effect on EE alone). There were 4 pooled analyses (capsaicin EE, Figure 2 ; capsaicin RQ, Figure 3 ; capsiate EE, Figure 4 ; capsiate RQ, Figure 5 ) and 12 subtotal analyses by dose (i.e., 3 dose levels for each of 4 attributes).
When subdivided by dose, capsaicin increased EE at high doses (SMD = 0.56, 95% CI = 0.06-1.05) but had no effect at low or intermediate doses (SMD = 0.10, 95% CI = -0.17 to Figure 3 Forest plots comparing studies on the effects of capsaicin on substrate oxidation (RQ) by low (1), intermediate (2), and high (3) dose. The weight that the study received in the overall association is indicated by the size of the gray squares. SMD was used as an effect size indicator. The 95% CIs are represented by error bars. The pooled estimates for each analysis are represented by diamonds. SMD Ô 95% CIs show that capsaicin enhances fat oxidation (indicated by SMD < 0) overall as well as at intermediate and high doses. Capsaicin had no significant effect on substrate oxidation at low doses. I-squared was used to assess heterogeneity. All I-squared values (subtotal and overall) were not statistically significant when subdivided by dose. This indicates that SMD with 95% CI can be interpreted separately by dose or when all 3 dose levels are combined into a single overall estimate. Multiple subscripts following author name indicate the use of more than one pepper dose within the same study. This figure appears in color in the online version of Chemical Senses.
0.37 and SMD = 0.02, 95% CI = -0.23 to 0.27, respectively) ( Figure 2 ). Capsaicin enhanced fat oxidation at intermediate and high doses (SMD = -0.53, 95% CI = -0.88 to -0.17 and SMD = -0.58, 95% CI = -1.02 to -0.15, respectively) but had no effect at low doses (SMD = -0.13, 95% CI = -0.42 to 0.15) (Figure 3 ). Capsiate increased EE at intermediate and high doses (SMD = 0.44, 95% CI = 0.12-0.75 and SMD = 0.60, 95% CI = 0.18-1.01, respectively) but had no effect at low doses (SMD = 0.28, 95% CI = -0.01 to 0.57) (Figure 4 ). Capsiate enhanced fat oxidation at high doses (SMD = -0.45, 95% CI = -0.86 to -0.04) but had no effect at low or intermediate doses (SMD = -0.26, 95% CI = -0.99 to 0.47 and SMD = -0.23, 95% CI = -0.55 to 0.08, respectively) ( Figure 5 ). Although the meta-analyses suggest the presence of a dosedependent effect (i.e., that higher doses are more effective for thermogenic outcomes), these results should be interpreted with caution. The data in Figures 2-5 represent average effects over all study lengths and environments, subject populations, forms, and compositions. The potential problems associated with these issues are discussed throughout this manuscript. Furthermore, these findings may be affected by publication bias in which selective reporting of positive results may lead to an overestimation of energy balance effects (Easterbrook et al. 1991) .
Appetite regulation
Research concerning the role of pepper consumption on appetite regulation has centered on capsaicin (Yoshioka et al. 1998 (Yoshioka et al. , 1999 (Yoshioka et al. , 2004 Lejeune et al. 2003; Westerterp-Plantenga et al. 2005; Ahuja et al. 2007; Reinbach et al. 2009; Smeets and Westerterp-Plantenga 2009; Reinbach et al. 2010; Ludy and Mattes 2011b) (Tables 1 and 3) , with only 2 studies evaluating the appetitive effects of capsiate Reinbach et al. 2009) (Tables 2 and 3 ). Capsaicin suppresses self-reported orexigenic sensations, including the desire to eat fatty foods (Ludy and Mattes 2011b) , hot foods (Reinbach et al. 2010 Capsiate had no significant effect on EE at low doses. I-squared was used to assess heterogeneity. All I-squared values (subtotal and overall) were not statistically significant when subdivided by dose. This indicates that SMD with 95% CI can be interpreted separately by dose or when all 3 dose levels are combined into a single overall estimate. Multiple subscripts following author name indicate the use of more than one pepper dose within the same study. This figure appears in color in the online version of Chemical Senses.
2011b), salty foods (Ludy and Mattes 2011b) , and desire to eat generally (Yoshioka et al. 1999) ; preoccupation with food (Yoshioka et al. 1999; Ludy and Mattes 2011b) ; prospective food consumption (Yoshioka et al. 1999) ; and hunger during positive energy balance (Reinbach et al. 2009 ) and hunger generally (Yoshioka et al. 1999; Westerterp-Plantenga et al. 2005) (Tables 1 and 3 ). Supporting this, concentrations of the orexigenic hormone ghrelin are suppressed with capsaicin ingestion (Table 1) . Additionally, capsaicin is reported to enhance anorexigenic sensations, including satiety during negative energy balance (Reinbach et al. 2009 ), satiety generally (Westerterp-Plantenga et al. 2005) , and fullness during negative energy balance (Reinbach et al. 2009 ) while increasing concentrations of the anorexigenic hormone glucagon-like peptide 1 (Tables 1 and 3) . At subsequent eating occasions, capsaicin decreases total energy (Yoshioka et al. 1999 (Yoshioka et al. , 2004 Westerterp-Plantenga et al. 2005; Ludy and Mattes 2011b) , fat (Yoshioka et al. 1999 (Yoshioka et al. , 2004 Westerterp-Plantenga et al. 2005) , carbohydrate (Yoshioka et al. 1999) , and protein intake (Yoshioka et al. 1999) as well as energy density by decreasing fat intake (WesterterpPlantenga et al. 2005) (Table 1) . Consistent with the capsaicin findings, capsiate decreases energy intake during positive energy balance (Reinbach et al. 2009) (Table 3) . However, not all previous studies are in agreement. Some report that capsaicin has no effect on desire to eat salty, bitter, or sour foods (Reinbach et al. 2010 ); desire to eat generally (Reinbach et al. 2010; Ludy and Mattes 2011b) ; prospective food consumption (Ludy and Mattes 2011b) ; satiety (Lejeune et al. 2003; Reinbach et al. 2010) ; fullness during positive energy balance (Reinbach et al. 2009 Figure 5 Forest plots comparing studies on the effects of capsiate on substrate oxidation (RQ) by low (1), intermediate (2), and high (3) dose. The weight that the study received in the overall association is indicated by the size of the gray squares. SMD was used as an effect size indicator. The 95% CIs are represented by error bars. The pooled estimates for each analysis are represented by diamonds. SMD Ô 95% CIs show that capsiate enhances fat oxidation (indicated by SMD < 0) overall as well as at high doses. Capsiate had no significant effect on substrate oxidation at low or intermediate doses. I-squared was used to assess heterogeneity. All I-squared values (subtotal and overall) were not statistically significant when subdivided by dose. This indicates that SMD with 95% CI can be interpreted separately by dose or when all 3 dose levels are combined into a single overall estimate. Multiple subscripts following author name indicates the use of more than one pepper dose within the same study. This figure appears in color in the online version of Chemical Senses.
and Westerterp-Plantenga 2009); total energy (Ahuja et al. 2007; Reinbach et al. 2010) , fat (Ahuja et al. 2007 ), carbohydrate (Ahuja et al. 2007 ), or protein intake (Ahuja et al. 2007) ; and/or energy density (Reinbach et al. 2010) (Table  1 and 3) . Furthermore, 2 studies report that capsaicin may promote a positive energy balance by increasing the desire to eat sweet foods (Reinbach et al. 2010) or intake of foods rich in carbohydrate (Westerterp-Plantenga et al. 2005) (Table 1 ). In contrast, capsiate exerts no effect on the desire to eat, fullness, hunger, or satiety during positive or negative energy balance (Reinbach et al. 2009 ); total energy intake during negative energy balance (Reinbach et al. 2009 ); and total energy, fat, carbohydrate, cholesterol, or fiber intake in energy balance ) (Tables 2  and 3) . A potential explanation for discrepant findings on appetitive sensation is that they may reflect culturally based sex differences. Of the 10 published articles (Yoshioka et al. 1998 (Yoshioka et al. , 1999 (Yoshioka et al. , 2004 Lejeune et al. 2003; Westerterp-Plantenga et al. 2005; Ahuja et al. 2006; Reinbach et al. 2009 Reinbach et al. , 2010 Smeets and Westerterp-Plantenga 2009; Ludy and Mattes 2011b) (Tables 1 and 3 ) evaluating capsaicin's appetitive effects, 2 (Yoshioka et al. 1998 (Yoshioka et al. , 1999 focused on women and 2 (Yoshioka et al. 1999 (Yoshioka et al. , 2004 ) focused on men, whereas the remainder (Lejeune et al. 2003; Westerterp-Plantenga et al. 2005; Ahuja et al. 2007; Reinbach et al. 2009 Reinbach et al. , 2010 Smeets and Westerterp-Plantenga 2009; Ludy and Mattes 2011b ) were mixed and not powered to stratify results by sex. Both studies in women (Yoshioka et al. 1998 (Yoshioka et al. , 1999 used the same data set. As described in the above pungency section, the ingestion of greater-than-usual doses of capsaicin led the Japanese women participants accustomed to consuming capsaicin to provide reduced hedonic ratings compared with a bland breakfast (Yoshioka et al. 1998) . Furthermore, although ad libitum lunch protein (20% and 6% following high-fat and high-carbohydrate capsaicin-containing breakfasts, respectively) and fat (17% and 11% following high-fat and high-carbohydrate capsaicin-containing breakfasts, respectively) intakes were suppressed, total energy intake was not affected (Yoshioka et al. 1999) (Table 1) . In contrast, when Caucasian men ingested a capsaicin-containing prelunch appetizer, total energy and carbohydrate intakes were reduced by 11% and 18%, respectively, when an ad libitum lunch and snack were served (Yoshioka et al. 1999) (Table 1) . Similarly, a study in Japanese men demonstrated that selfperceived ''strong'' capsaicin doses ingested as an appetizer reduced total energy and fat intake (8% and 14%, respectively) at an ad libitum lunch (Yoshioka et al. 2004) (Table 1) . These findings are consistent with culturally based gender biases in which the consumption of capsaicin-containing foods is believed to confer ideals of strength and manliness (Rozin and Schiller 1980) .
Based on a review of the studies listed in Tables 1-3 , metaanalyses were not deemed appropriate to address the effects of capsaicin and capsiate intake on appetitive outcomes. There were only 2 investigations concerning capsiate Reinbach et al. 2009) , and the effects of red pepper intake on appetite regulation were so divergent that no common outcome measure could be identified across studies.
Body composition
Reported effects of capsaicin and capsiate on body composition are limited, and those that exist are of short duration. Most studies on capsaicin have been short term (£1 day) (Yoshioka et al. 1995 (Yoshioka et al. , 1998 (Yoshioka et al. , 1999 (Yoshioka et al. , 2004 Lim et al. 1997; Matsumoto et al. 2000; Chaiyata et al. 2003; Hachiya et al. 2007; Shin and Moritani 2007; Smeets and Westerterp-Plantenga 2009; Reinbach et al. 2010; Ludy and Mattes 2011b) , with 2 others lasting only 2 (Westerterp-Plantenga et al. 2005) and 5 days (Reinbach et al. 2009 ) so cannot provide insights on changes of body composition. Four longer term studies (3 weeks to 3 months) have been reported (Lejeune et al. 2003; Ahuja et al. 2006; 2007; Reinbach et al. 2009) (Tables 1 and 3 ). Although appearing efficacious for promoting negative energy balance in short-term highly controlled environments (Yoshioka et al. 1995 (Yoshioka et al. , 1998 (Yoshioka et al. , 1999 (Yoshioka et al. , 2004 Lim et al. 1997; Matsumoto et al. 2000; Chaiyata et al. 2003; Hachiya et al. 2007; Shin and Moritani 2007; Smeets and Westerterp-Plantenga 2009; Ludy and Mattes 2011b ), capsaicin's long-term effectiveness for modifying body composition under free-living conditions is uncertain. Of the longer term studies, only 2 evaluated body composition and neither led to changes compared with control treatments (i.e., placebo capsules (Lejeune et al. 2003) or a bland spice-free diet (Ahuja et al. 2007 )). A 3-month Dutch study exploring the effects of 135 mg/day encapsulated capsaicin in overweight and obese (BMI 25-35 kg/m 2 ), nonhabitual capsaicin consumers demonstrated no effect on weight regain following a 4-week very low-energy diet intervention. However, perceived pungency interfered with the ability to achieve full compliance. All individuals in the test group reported that stomach burning accompanied capsule consumption, which lead 24% of individuals to decrease their daily capsaicin dose by half (Lejeune et al. 2003) (Table 1) . Similarly, a 4-week ad libitum diet with 33 mg/day capsaicin as part of an orally incorporated chili blend in Australians who were primarily naïve/infrequent capsaicin consumers (BMI 26.3 ± SD 4.6 kg/m 2 ) reported no effects on BMI, fat mass, or lean mass (Ahuja et al. 2007) (Table 1 ). Whether this lack of effect on body composition is due to 1) poor compliance with recommendations to ingest an unacceptably high capsaicin dose; 2) individuals becoming desensitized to capsaicin's effects with longer term intake (Ludy and Mattes 2011b) ; 3) the need for oral sensory stimulation (Westerterp-Plantenga et al. 2005; Ludy and Mattes 2011b) ; 4) differential effects due to body composition (Matsumoto et al. 2000; Ahuja et al. 2006 ); or 5) limited study duration requires clarification. These issues will be important considerations in future investigations.
The effects of capsiate on body composition have been explored more thoroughly. Whereas 4 studies were short term (Ohnuki et al. 2001; Hachiya et al. 2007; Josse et al. 2010 ) and 1 study was 5 days (Reinbach et al. 2009 ), several have been longer term (2-12 weeks) (Kawabata et al. 2006; Inoue et al. 2007; Snitker et al. 2009; Lee et al. 2010) (Tables 2 and 3) . Effects have been conflicting. Capsiate has been reported to decrease body weight (Kawabata et al. 2006; Inoue et al. 2007 ), BMI (Kawabata et al. 2006; Inoue et al. 2007 ), fat-free mass (Kawabata et al. 2006) , fat mass (Kawabata et al. 2006) , total fat (Kawabata et al. 2006) , and visceral fat (Kawabata et al. 2006; Snitker et al. 2009 ). However, other reports have demonstrated that capsiate has no effect on body weight Lee et al. 2010) , fat mass Lee et al. 2010) , fat-free mass , or subcutaneous fat (Kawabata et al. 2006) . As is the case with capsaicin, a major limitation of studies exploring body composition effects of capsiate is that the maximum study duration was 12 weeks. Exposure duration is a relevant concern, given that modest, long-term dietary adjustments are reported to be the most effective for weight management (Mattes 2008) , and it is unknown whether long-term use of capsiate will result in tolerance and loss of effect at acceptable dietary levels.
The strongest, albeit still of very limited duration, study exploring body composition effects was conducted in normal to overweight Japanese young adults who were provided a laboratory-controlled diet that promoted energy balance during the week prior to initiating capsinoid supplementation (Kawabata et al. 2006) . Over a 2-week period, the addition of 0.4 g/kg/day capsinoids ingested uncooked and frozen before 3 meals per day decreased body weight by 1.77 kg, BMI by 0.6 kg/m 2 , fat-free mass by 1.15 kg, and total fat area of the umbilicus by 15.77 cm 2 . Furthermore, total fat mass was decreased 1.38 kg more, and visceral fat tended to be decreased by 13.98 cm 2 more, among individuals in the capsinoid group compared with those in the control group (Table 2) . Similar, but weaker, body composition effects were noted in a study of free-living middle-aged Japanese individuals (BMI ‡ 23 kg/m 2 ). This report noted that supplementation with 10 mg/kg/day encapsulated capsinoids nonsignificantly decreased weight by 0.21 kg and BMI by 0.08 kg/m 2 over 2 weeks and tended to decrease weight by 0.46 kg and BMI by 0.17 kg/m 2 over 4 weeks. The same study found that supplementation with 3 mg/kg encapsulated capsinoids tended to decrease weight by 0.34 kg/day and BMI by 0.12 kg/m 2 over 2 weeks and nonsignificantly decreased weight by 0.29 kg and BMI by 0.10 kg/m 2 over 4 weeks (Table 2 ). An additional study conducted in free-living middle-aged overweight and obese adults in the United States reported that supplementation with 6 mg/day capsinoids for 12 weeks decreased visceral fat 0.93% more than placebo, which was correlated with the change in body weight (Snitker et al. 2009) (Table 2 ).
In contrast, two 4-week studies conducted in overweight and obese individuals in the United States reported no body composition effects when 3 or 9 mg/day dihydrocapsiate were consumed as part of an 800 kcal/day very low-energy diet (Lee et al. 2010) or self-selected free-living diet ) compared with placebo (Table 2) .
In addition to length of study issues, other potential explanations for these discrepant results may involve the form of capsinoid and level of dietary control. Whereas the 3 studies (Kawabata et al. 2006; Inoue et al. 2007; Snitker et al. 2009 ) reporting body composition effects involved supplementation with total capsinoids, of which capsiate is predominant, the 2 studies Lee et al. 2010 ) demonstrating no effect included only dihydrocapsiate. Additionally, the strong body composition effects produced in highly controlled environments (Kawabata et al. 2006) may not be easily replicable under free-living conditions. To provide results that can be translated into public health recommendations for weight management, it is imperative that long-term studies (ideally ‡1 year) are undertaken to reflect the small weight gain (;0.2 to 0.8 kg/person/year) deemed responsible for the obesity epidemic (Williamson 1993; Jeffrey and French 1997; Hill et al. 2003 ) and the popular recommendation for minor changes to reverse the epidemic (Mattes 2008) . Furthermore, a comparison of various capsinoid forms, in combination with other strategies to achieve negative energy balance, should be explored to promote maximal long-term acceptability and compliance.
Potential concerns regarding the long-term sustainability of capsaicin and capsiate's effects on energy balance Dose, form, and composition The dose, form, and composition of capsaicin (Tables 1  and 3) and capsiate (Tables 2 and 3 ) provided in previous studies were widely divergent. With the exception of one study where capsaicin was provided in whole pepper form with water (Hachiya et al. 2007) , all other studies evaluating the effects of orally consumed capsaicin incorporated it into meals as ground red pepper (Yoshioka et al. 1995 (Yoshioka et al. , 1998 (Yoshioka et al. , 1999 Lim et al. 1997; Matsumoto et al. 2000; Chaiyata et al. 2003; Westerterp-Plantenga et al. 2005; Ahuja et al. 2006; 2007; Reinbach et al. 2009 Reinbach et al. , 2010 Smeets and Westerterp-Plantenga 2009; Ludy and Mattes 2011b) . Capsaicin doses in these studies have ranged from ;0.2 mg at a single meal (Yoshioka et al. 2004 ) to 33 mg/day for 4 weeks (Ahuja et al. 2007 ). When administered in capsule form, capsaicin has been included in modest doses as ground red pepper containing capsaicin (0.2-7 mg [Westerterp-Plantenga et al. 2005; Reinbach et al. 2009; Ludy and Mattes 2011b] ) and markedly higher doses as pure capsaicin (135-150 mg [Lejeune et al. 2003; Shin and Moritani 2007] ). In one study, 150 mg was ingested before a single bout of exercise (Shin and Moritani 2007) and in another, treatment entailed consuming 135 mg/day for 3 months (Lejeune et al. 2003) . Although these broad dosage variances mirror cross-cultural trends in capsaicin consumption (e.g., 1.5 mg/day in Europe vs. 25-200 mg/day in India [Astrup et al. 2010] ), they also generate concern about the long-term sustainability of recommendations to increase intake, especially in nonusers of spicy foods. Furthermore, despite being the food industry standard for quantifying the pungency of hot peppers (Betts 1999) , Scoville Heat Unit (SHU) values are reported for only 5 (Yoshioka et al. 2004; Westerterp-Plantenga et al. 2005; Reinbach et al. 2009; Smeets and Westerterp-Plantenga 2009; Ludy and Mattes 2011b) of the 19 studies evaluating capsaicin's thermogenic and appetitive effects (Tables 1 and  3 ). Nonpungent peppers, containing capsiate, may lead to increased compliance and long-term acceptability. However, capsiate doses used in studies are not easily determined. They are inconsistently reported as capsiate, dihydrocapsiate, or total capsinoids (which includes variable percentages of capsiate and dihydrocapsiate as well as nordihydrocapsiate). Concentrations of these compounds in chili peppers are affected by factors such as genetics, weather, growing conditions, and age (Reinbach 2008 ), so it is not possible to convert to capsiate and dihydrocapsiate concentrations without study-specific ratios. For capsiate, the only reported oral test doses were consumed in the form of whole peppers in quantities of ;2 to 7 (Ohnuki et al. 2001) and ;7 mg (Hachiya et al. 2007 ) at single test loads. In capsule form, single capsiate doses ranged from 0.7 ) to 7 mg (Josse et al. 2010) , with longer term doses of 2.3 mg/day for 5 days (Reinbach et al. 2009 ) and 4.2 mg/day for 12 weeks (Snitker et al. 2009 ). For dihydrocapsiate, only data on capsule consumption is available, with single test loads ranging from 0.2 to 2.8 mg and longer term doses of 1.4 mg/day for 12 weeks (Snitker et al. 2009 ) and 9 mg/day for 4 weeks Lee et al. 2010) . For total capsinoids, the only reported oral test dose was ;28 g/day of whole peppers for 2 weeks (Kawabata et al. 2006) . In capsule form, single test doses ranged from 1 ) to 10 mg Josse et al. 2010) , with longer term doses of 3 Lee et al. 2010) to 10 mg/day ) for 4 weeks. Given that other components of red pepper's food matrix (e.g., polyphenols) may influence thermogenic and/or appetitive outcomes, the impacts of dose, form (oral vs. capsule), and composition (red pepper vs. pure capsaicin) will be crucial areas of future investigation.
Palatability and consumer acceptability
The ability of the population at large to tolerate varying doses of capsaicin and capsiate presents a key concern for generating sustainable recommendations regarding their consumption. It is well established that palatability impacts food choice (Glanz et al. 1998) and is directly related to intake (Sorensen et al. 2003) . Furthermore, consumers rate palatability as the most important factor in food selection (Glanz et al. 1998) . Additionally, cephalic phase thermogenic responses are generally increased with palatable foods (LeBlanc and Cabanac 1989) . Full compliance with recommendations to consume capsaicin may be problematic, especially among individuals who abstain from its intake due to pungency. Although acceptability of less palatable foods is generally enhanced with repeated exposure and can match hedonic ratings for initially preferred foods (Zandstra et al. 2000) , high capsaicin doses are associated with intolerable gastric distress and anal burning when voiding, even with repeated exposure and when provided in capsule form (Lejeune et al. 2003; Belza and Jessen 2005) (Table 1) . Moreover, as described in the pungency and appetite regulation sections, habitual spicy food consumers report that the palatability of foods is decreased with higher-than-normal capsaicin levels (Yoshioka et al. 1998) (Table 1 ). Due to its lack of pungency, capsiate presents a possible alternative.
In a 3-month double-blind weight maintenance study following a very low-energy diet intervention (Lejeune et al. 2003) , the administration of 135 mg/day capsaicin in capsule form was compared with placebo. Researchers noted that ''all participants who appeared to have consumed the capsaicin capsules had mentioned a somewhat burning feeling in their stomach.'' Despite a more sustained fat oxidation, no significant differences in weight regain were noted between the capsaicin and the placebo groups. Since 24% of participants consumed only half the prescribed dose, a possible explanation is that the gastric distress associated with high-dose supplements reduces compliance, subsequently diminishing capsaicin's effectiveness as an agent for weight management (Table 1) . In a 12-week double-blind weight loss study (Snitker et al. 2009 ), the daily intake of 6 mg of capsinoids in capsule form was compared with placebo. In contrast to the side effects experienced by all participants in the study with capsaicin (Lejeune et al. 2003) , side effects in the study with capsinoids (Snitker et al. 2009 ) were limited to dyspepsia in 2/41 participants, bowel irregularities in 1/41 participants, and diarrhea in 1/41 participants. Furthermore, as detailed in the body composition section, abdominal adiposity decreased more and fat oxidation tended to be higher in the capsinoid group compared with the placebo group (Table 2) . Decreased side effects, and thus improved compliance, likely contributed to the effectiveness of capsiate compared with capsaicin.
Whether the effects of capsaicin and capsiate on energy balance occur in a dose-dependent manner is unclear. Although high capsaicin doses have been associated with gastric discomfort, their effectiveness compared with lower doses is not known. A study in young healthy Japanese males demonstrated a dose-dependent relationship between amount of capsaicin consumed and subsequent energy intake, with the maximum tolerable dose suppressing fat intake (Yoshioka et al. 2004) (Table 1 ). This is supported by a rat study showing a dose-dependent decrease in fat mass when capsaicin was added to a high-fat diet (Kawada, Hagihara, et al. 1986) . Regarding capsiate, a study in overweight and obese men and women following a 4-week very low-energy diet in the United States reported that a dihydrocapsiate intake increased postprandial EE in a dose-dependent manner (Lee et al. 2010) (Table 2) . Similarly, another study found that oxygen consumption was increased in overweight Japanese women consuming 10 mg/day capsinoids for 4 weeks but not among women consuming 3 mg or placebo (Table 2 ). However, a study in overweight young men in the United States demonstrated that supplementation with 3 and 9 mg/day dihydrocapsiate for 4 weeks increased resting metabolic rate but failed to demonstrate a dose-dependent relationship (Table 2) . Of the 2 studies where capsaicin showed no effects on energy balance, one was low dose (0.4 mg) (Reinbach et al. 2010 ) and the other was high dose (33 mg) (Ahuja et al. 2007) (Table 1) . Similarly, with capsiate the only study showing no effects on energy balance involved a range of doses (1, 3, 6, and 12 mg dihydrocapsiate) (Table 2) . A potential explanation underlying these discrepant findings is that habitual consumption of ingredients, such as capsaicin and capsiate that influence TRPV1 activity may modify thermogenic and appetitive effects (Ludy and Mattes 2011a) .
Sensory stimulation
Whereas capsaicin evokes oral sensory burning, capsiate does not. Reports concerning the importance of oral sensory stimulation in inducing thermogenic and appetitive effects are conflicting (Yoshioka et al. 2004; Westerterp-Plantenga et al. 2005; Ludy and Mattes 2011b) (Table 1) . A short-term study in healthy lean individuals reported that when preferred capsaicin concentrations (2.1 ± SE 0.4 mg) were consumed with oral stimulation, compared with in capsule form, fat oxidation was enhanced, skin temperature was greater, and postprandial EE tended to be higher (Ludy and Mattes 2011b) . Similarly, another short-term study in normal and overweight spicy food consumers ( ‡1 time per week) in the Netherlands demonstrated that decreases in energy intake were greater with oral, compared with gastrointestinal, exposure to capsaicin (2.3 mg) (Westerterp-Plantenga et al. 2005) . In contrast, a short-term study among healthy lean Japanese men reported that ingestion of a self-rated ''maximum tolerable'' dose of capsaicin (2.8 ± SD 4.1 mg) in 150 mL consommé decreased fat intake to a similar extent when delivered both orally and gastrointestinally. The same study noted a biphasic response in SNS activity. Whereas SNS activity was greatest with intermediate, that is, ''moderate'' (0.04 ± SD 0.03 mg capsaicin/30 mL consommé) to ''strong'' (0.6 ± SD 0.8 mg) doses, it was suppressed to baseline levels with doses deemed ''too spicy'' (1.3 ± SD 0.9 mg) (Table 1) (Yoshioka et al. 2004) . A possible explanation for these contradictory results is that palatable exposures are required for maximum effects on energy balance. Due to its lack of sensory burn, capsiate presents a potential means to achieve energy balance effects for those who abstain from spicy foods as a result of their pungency. However, despite capsiate being documented to promote negative energy balance when provided alone (Ohnuki et al. 2001; Hachiya et al. 2007) , uncooked, frozen (Kawabata et al. 2006) , and in capsule form Reinbach et al. 2009; Snitker et al. 2009; Josse et al. 2010; Lee et al. 2010) (Tables 2 and 3) , its consumption as part of a traditional meal has not been investigated.
Conclusion
Collectively, the studies reviewed provide supportive evidence for roles of capsaicin and capsiate in weight management. However, the magnitude of these thermogenic and appetitive effects is small and their long-term sustainability is uncertain. A 10 kcal negative energy balance (predicted for hedonically acceptable capsaicin doses [Ludy and Mattes 2011b] ) in an average weight, middle-aged man would produce an ultimate weight loss of 0.5 kg over 6.5 years, whereas a 50 kcal negative energy balance (predicted for encapsulated dihydrocapsiate ) would yield a total weight reduction of 2.6 kg over 8.5 years (Hall et al. 2009; Hall 2010) . Although seemingly inconsequential capsaicin and capsiate are food ingredients and cannot be expected to exert pharmacologic effects. On a population scale, modest sustained weight loss can be predicted to generate substantial health and economic benefits by increasing disease-free years, reducing disease incidence, increasing life expectancy, and decreasing medical costs (Oster et al. 1999) . Nevertheless, the long-term acceptability and effectiveness of capsaicin and capsiate are unclear. Published studies occurred under controlled conditions and may not apply to environments with free choice of foods and dietary supplements. Furthermore, regular users may become desensitized with long-term intake (Ludy and Mattes 2011b) , either by a reduction in peripheral sensitivity to pungent stimuli or by adaptive changes in absorption and/or metabolism of active compounds. To aid weight management, additional investigation is warranted to explore: 1) the sustainability of energy balance effects; 2) the need to alter dose, form, and/or composition to improve long-term efficacy; 3) the combination of capsaicin and capsiate with other weight management strategies; and 4) the mechanisms by which capsaicin and capsiate can be most successfully incorporated into the diet. 
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